
Office etropden ties brevets 



(11) 



EP 0 909 564 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art 158(3} EPC 



(43) Date of publication; 


(51) w. a 6 : A61K38/22, A61K 47/16, 


21*04.1998 Bulletin 1999/16 


AS1K9/Q8, C07K 14/505 


(21) A^soatenutiib€r:S7S196S3.B 


(86) Internationa! application number: 


(22) Date of f i^g: 28.04*199? 


PCT/JP97/G1449 




(87) International publication nun^jer: 




WO 97/40850 (06,11.1997 Gazette 1097/47) 


(84) Designated Contracting States: 


* MORITA, Tosfttari, 


AT BE CH DE DK ES R FR GB GB IE IT Li LU MC 


Chugai Seiyaku KabusNki KafSha 


NLPTSE 


Tokyo 171 (JP) 




* MASAI, HirosN, 


(30) Priority; 26,04.1996 JP 131 22606 


Chugai Saiyaky KabusNki Kaisha 


30,10.1996 JP 303956/96 


Tokyo 171 (JP) 


(71) Applicant: 


(74) Representative: 


CHUGA* SBiYAKU KABUSHJKi KA1SHA 


VQSSIUS & FARTHER 


Tokyo 115 (JP) 


Sie&ertstrasse 4 


(72) inventors: 


81 67S Munches (DE) 


* YAMAZAKt f Taclao, 




Chugal Seiyaku KabusftikS Kaisha 




Tokyo 171 {JP} 





O 
O 



(54) ERYTHROPOIETIN SOLUTION PREPARATION 

(57) This invention provides an erythropoietin soiu* 
tlon preparation containing an amino acid as a stabi- 
lize^ and having excellent long-term storage stability. 
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Description 

TECHNICAL FIELD 
5 [0001 J This invention relates to an erythropoietin solution preparation, 
BACKGROUND ART 

[0002J Erythropoietin (hereinafter referred to as EPO} is an acidic glycoprotein hormone which promotes the differen- 
ce tiation and proliferation of erythrosd progenitor cells. This hormone is secreted chiefly by the kidney, Erythrocytes are 
present abundantly in the blood lor certain periods, and are then destroyed by the spleen, etc. (their mean life in 
humans is about 120 days). However, red blood cells are constantly supplied from the bone marrow, so that the periph- 
eral total erythrocyte count is kept constant in a normal slate, EPO plays a centra* role in maintaining such homeostasis 
of erythrocytes in the living organism, 
ts [0Q03J High purity human urinary EPO was obtained by purif ication from a large volume of urine from patients with 
aplastic anemia. This enabled cloning of human EPO gene. Nowadays, it has become possible to produce a large 
amount of recombinant human EPO in animal cells by genetic engineering technology. The applicant of this invention 
has succeeded in producing a preparation {lyoph&ed preparation) of the purif ied EPO. and supplies it to the market in 
the form of renal anemia alleviating agents and so on. 
so [00041 Drug design for supplying the market with stable E PO preparations requires that: chemical changes {hydrolysis, 
disulfide exchange reaction, etc.) or physical changes {denaturation, agglutination, adsorption, etc.) observed with EPO 
be suppressed. Products now on the market contain human serum albumin or purified gelatin which is generally used 
as a stabii^er. These substances have been added in these products to suppress chemical or physical changes. Since 
human serum albumin is a blood product relying on donated blood for its supply, the necessity to its addition has been 
25 questioned. Regarding the addition of a protein other than the albumin or gelatin as a stabilizer, it is difficult to avoid the 
risk of viral contamination completely 

[0005] Peptide drugs are often iyophized for stabilization. However, lyophization increases manufacturing costs, and 
involves an increased risk due to mechanical troubles, 

[00061 For the foregoing reasons, demand is growing for an EPO preparation as an alternative to a iyophiiized prep- 
a? ma\\on y fhe EPO preparation being free from inclusion of a protein as a stabilizer, and stable during long-term storage 

DISCLOSURE OF THE INVENTION 

[000?]i To satisfy the above demand, we> the inventors, have conducted extensive studies. As a result we have found 
ss that EPO can be converted into a stable EPO solution preparation free from human serum albumin and purified gelatin 
by adding a certain amino acid as a stabilizer. This finding has led us to complete the present invention. 
[0000! That Is, the present invention provides an erythropoietin solution preparation containing an amino acid as a 
stabilizing agent or stabilizer. 

[0009] To stabilize; stabilizing" in this specification refers to storing, or the erythropoietin solution preparation, for 
so example, for more than 2 years at 1 0°C. or tor more than 8 months at 25°<X or for more than 2 weeks at 40*0 while 
keeping the residual rate of erythropoietin at 90% or higher, preferably 95% or higher, more preferably 98% or higher. 

BRIEF DESCRIPTION OF THE DRAWINGS 

4$ [0010] 

Fig, 1 is a graph showing the relation between the concentration of l-arginine hydrochloride and the residual rate 
of erythropoietin; 

Fig, 2 is a graph showing the relation between the concentration of L-lysine hydrochloride and the residual rate of 
m erythropoietin; 

Fig. 3 is a graph showing the relation between the concentration of L-histidine hydrochloride and the residual rate 
0? erythropoietin; and 

Fig. 4 shows an SDS-poSyacrylamide gel electrophoresis pattern illustrating the degradation product suppressing 
effect of preparations to which various amino acids have been added (an eiectrophoretogram}, in which lane 1: 
55 molecular weight marker, lane 2: amino acid-free preparation, lane 3 L-leucine-containing preparation, lane 4: I* 
pbenyialanine-comaining preparation, lane 5: L-tryptophan-containing preparation, lane 8: L-serine-containing 
preparation, lane 7: l-cysieine-containing preparation, lane 8: monosodium L-glutamafe monohydrafe-eontaining 
preparation, fane 9: L-arginine hydrochloride-containing preparation, and lane 10: L-hssiidine hydrochloride-^on- 
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taining preparation. 
BEST MODE FOR CARRYING OUT THE INVENTION 

5 [001 1J EPO for use in the solution preparation of the present invention has substantially the same biological activity 
as that of mammalian, especially human EPO ( and includes naturally occurring EPO and EPO obtained by genetic 
recombination. EPO torn genetic recombination includes EPO having the same amino acid sequence as that of natu- 
rally occurring EPO. or EPO with this amino acid sequence from which one or more of the amino acids have been 
deleted, or in which one or more of the amino acids have been substituted, or to which one or more amino acids have 

w been added, and which, however, retains the above-mentioned biological activity. The EPO in the present invention may 
be produced by any methods, for example* a method comprising fraction imm human urine, followed by separation 
and purification, in various manners; and a method involving production in E. coli* yeast, or Chinese hamster ovary 
ceils, followed by extraction, separation and purification in various manners. 

[0012] The amino acid added as a stabilizer in the present invention Includes free amino acids, and their salts such 
is as sodium salts, potassium salts and hydrochlorides. The solution preparation of the present invention may have one 
or more of these amino adds added in combination. The preferred amino acids are D\ L- and DL-forros of leucine, tryp- 
tophan, serine, glutamic acid ( arginine, histidine and lysine, and their salts. More preferable are Leucine, L-tryptophan, 
l-giutamic acid, L-arginine. l-histsdine and Mysine, and their salts. Particularly preferable are l-arginine, L-histidine 
and Llysine, and their salts, Most preferable are L-histidine and its salts, 
so [001 3J The solution preparation of the present invention, preferably is substantially free from protein as a stabiliser. 
[001 4] For the amount of the amino acid added to tie solution preparation of the present invention, a preferred range 
can be set by a testing method (to be described later on) depending on the type of the amino acid used. Generally, the 
amount of the amino acid added is 0,001 to 50 mg/mi t but preferably 0.1 to 40 mg/mi, more preferably i to 10 mg/mi for 
arglnine, preferably 0,5 to 10 mg/mL more preferably 1 to 10 mg/mi lysine, preferably D.5 to 10 mg/ml, more prefer- 
2$ ably 1 .0 to 40 mg/ml, and most preferably 1 .0 to 2.0 mg/mi for histldine. As will be described later on, the highest resid- 
ual rate of EPO was obtained when L-arglnine hydrochloride and I4y$ine hydrochloride were each added in an amount 
of about 1 to 5 mg/mi as free amino acid, or when L-histidine hydrochloride was ad^&S in an amount, as free amino 
add, of 1 to 10 mg/mi in an accelerated testing performed for 2 weeks at 40*C, or 0.5 to 5 mg/mi in a month 
accelerated testing. 

30 [001 SI The amount of EPO contained in the solution preparation of fie present invention can be determined according 
to the type of disease to be treated, the severity of the disease, the age of the patient, and so forth. Generally; its amount 
is 100 to 500,000 lUArf, preferably 200 to 100,000 iUtfml, more preferably 750 to 72,000 iU/ml. The solution preparation 
of the present invention is administered usually by a parenteral route, for example, by injection (subcutaneous or intra- 
venous), or percutaneous^ transmucosally or transnasaliy, but oral administration is also possible. 
[001 6| The solution preparation of the present invention may contain, in addition to EPO and the amino acid, ingredi- 
ents usually added to a preparation in the form of a solution, such as polyethylene glycol; sugars, &g„ dextran, manni- 
toi sorbitol inositol, glucose, fructose, lactose, xylose, mannose, maltose, sucrose, and raffinose; inorganic salts, &g„ 
sodium chloride, potassium chloride, calcium chloride, sodium phosphate, potassium phosphate, and sodium hydrogen 
carbonate; organic salts, e.g., sodium citrate, potassium citrate and sodium acetate; and, if desired, sulfur-containing 

40 reducing agents, e.g., glutathione, thioctic acid, sodium thioglycofafe, fhiDglyceroi, a-monothioglyoerol, and sodium thi- 
osulfata The preferred salt is sodium chloride, ft Is also preferred to add an adsorption preventing agent, such as a poly- 
oxyethyiene sorbitan alkyl ester, to the solution preparation of the present invention. Particularly preferable 
poiyoxyethyJene sorbitan aikyi esters are polysorbate 20, 21, 40, S0 a 85, 80. 81 and 85, and most preferably poiysorb- 
ate 20 and/or 80. The preferred amount of poiysorbate 20 and/or 80 added is 0,01 to 1 mg^ml, more preferably 0.05 to 

46 0.1 mg/ml. 

[001 ?J The solution preparation of the present invention can be prepared by dissolving the above-mentioned compo- 
nents in an aqueous buffer publicly known in the field of solution preparations, such as phosphate and/or citrate buffer. 
The preferred phosphate buffer is a sodium monohydrogen phosphate-sodium dihydrogen phosphate buffer, while the 
preferred citrate buffer is a sodium citrate buffer. The pH of the solution preparation of the present invention is 5.0 to 8.0, 
so preferably. 6,0 to 7.0, 

[0010| Japanese Unexamined Patent Publication No. 64-71 81 8 discloses a human protein preparation characterised 
by containing urea, an amino acid, and a nonionic wetting agent. However, the solution preparation of the present inven- 
tion preferably does not contain urea, because it is not clear whether urea contributes to the long-term stabilisation of 
a glycoprotein such as erythropoietin, A reaction between urea degradation products and protein is also known to take 
55 place (Protein Chemistry 3, Kyoritsu Shuppan, Chapter 1 2), which may adversely affect the preparation. Furthermore, 
the fewer ingredients added to the preparation, the better the results that can be expected, 
[O019J The solution preparation of the present invention is usually contained in a sealed, sterilized plastic or glass 
container. The solution preparation can be supplied as a prescribed dose in an ampoule, vial or disposable syringe, or 
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in a mu&pie dose form such as a bag or bottle for Section. 

[0Q2OJ EPO solution preparations containing various amino ackis were prepared, and subjected to an acceiemied 
testing conducted for 2 weeks at 40*C The EPO content in each of the preparations after the test was measured by 
RP-HPLC (revetted phase high performance liquid chromatography) to investigate *he effect of amino acid addition on 

5 this content As a result, the residua! rate of EPO was found to foe higher in the solution preparations containing L4m~ 
Cine, L-fryptcphan, monosodkirn Ugkttemate monohydrate, Uarginine hydrochloride L-hisiidine hydrochloride, and t- 
iysine hydrochloride than In the solution preparations containing no amino acids. The results of SDS-pofyacryiamtde gel 
electrophoresis demonstrated L-afginina hydrochloride and L-histidine hydrochloride to be effective in suppressing the 
formation of EPO degradation products to be observed in the preparation after the accelerated testing, 

w [0Q21J Of the amino acids thus shown to be affective when added, L-argimne hydrochloride, Uysine hydrochloride 
and l-histidine hydrochloride were examined for the effect of their concentrations on the stabilisation of the preparation. 
That is, EPO preparations to which L-arginine hydrochloride, L4ysine hydrochloride or L-histidine hydrochloride was 
added in various concentrations were made, and a 4G"f>2 week accelerated testing was conducted on these prepara- 
tions. Upon completion of the test the residual rates of EPO in the preparations tended to peak at concentrations of 

15 about 1 to 5 mg/Yrtf in the case of l-arginlne hydrochloride and L-lyslne hydrochloride. With L-histidine hydrochloride, 
maximum EPO residual rate was achieved at a concentration of 1 to 10 mg/mi A 2§*C~6 month accelerated testing was 
also performed in EPO preparations to which L-histidine hydrochloride was added in various concentrations. The EPO 
residua* rate was maxima* at the concentrations of 0 5 to 5 mg/mi. These findings showed L-arginine hydrochloride, L- 
lyslne hydrochloride, and L~hi$1idine hydrochloride to have the optimum concentration of addition. 

so [00221 The solution preparation of the present invention is a safe preparation free from foreign proteins such as 
human serum albumin or purified gelatin, and without the risk of viral contamination. The amino acid added thereto is 
cheaper than these conventional stabilisers, and the cost incurred $um§ the manufacturing process is also lower than 
that for a iyophiiteed product Thus, the preparation of this invention is advantageous economically Furthermore, the 
solution preparation of the present Invention need not be dissolved in a buffer, but can be used as it is, This lessens 

25 labor in using it in comparison with a lyophilized preparation. Because of these various advantages, the industrial appli- 
cability of the present invention is great 

[0023} The present invention will now be described in further detail by reference to the following examples, but its 
scope is not restricted thereby, 

[0024] A 5 mi glass viai was charged with 1 ml of a dispensing solution containing the following components/ml and 
a? being adjusted to pH 60 with a 10 mM phosphate buffer {Wako Pure Chemical industries, Ltd.): 



EPO 


! 1,500 iU 


Wonionic surfactant {poiysorbate 80, Nikko Chemical Co,, Ltd.) 


0,05 mg 


Sodium chloride 


8.5 mg 


Amino acid (Sigma Chemical Company) 


0 to 40 mg 



40 

The filled vial was stoppered, sealed, and used as a solution preparation. As an accelerated testing, the preparation 
was allowed to stand for 2 weeks in a thermostatic chamber at 40"O Then, the preparation was evaluated by RP-HFLC 
analysis (WATERS) and SDS-poiyacrylamide gel electrophoresis analysis. 

4$ Example 1 : Effect of the addition of various amino acids on EPO residual rate 

[0025] In accordance with the foregoing testing method, the solution preparations containing various amino acids tab- 
ulated below were produced, and subjected to the 40*C-2 week accelerated testing. Then, their EPO residual rates 
were determined by the RP-HPLG method. The resuits are shown in Table 1 , 
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Table 1 



EPO residuai rates after accelerated testing of various amino actds-containing solution prepara- 
tions 


Amino acid 


Amount added (mg/mf) 


EPO residual rate after 
testing {% of initial content} 


Not added 


0 


63.9 


Leucine 


10 


91,8 


bphenyiaianine 


10 


57.8 


L-iryptophan 


5 


97,0 


l-serioe 


10 


SS.2 


L-cystetne 


10 




47 A 


yonosodium L-glutamate roonohydrate 


10 


93.9 


L-arginine hydrochloride 


10 


93,6 


L-histkJine hydrochloride 


10 


99J 


L-iysine hydrochloride 


10 


95.8 



[0O26J As shown above, Leucine, ^tryptophan, monosodium b$uSamate monohydrate, L-arginine ftydrocbforicfe, 
L-histidine hydrochloride, and Uysine hydrochloride led to particularly marked EPO residua* rates. 



Example 2: Effect of the addition of art amino acid in various concentrations on EPO residual rate 

30 

[0027J in accordance with the foregoing testing method, EPO solution preparations containing L-arginioe hydrochio- 
ride in various concentrations indicated below were produced, and subjected io the same 40*C-2 week accelerated 
testing. Then, their EPO residual rates were determined by the RP-HPLC method. The results are shown in Table 2. 



Table 2 



45 



EPO residual rates after accelerated testing of L-arginine hydrochlorlde--containing 

preparations 


Amino acid 


Amount added (mg/ml) ! 


EPO residual rata after 
40*02 week accelerated 
testing {% of initial content) 


Not added 


0 


39.6 


L-arginine hydrochloride 


01 


927 




1 


967 




5 


96.1 




10 


93.6 




20 


92,0 




40 


91.6 



55 [002SJ The above results are depicted as a graph in Pig. 1 

[0Q29J As shown above, L-arginine hydrochloride led to maximum EPO residual rates in a concentration range of 
about 1 to 5 mg/ml. 

[0030J Then, the same test was conducted using L-iy$ine hydrochloride. The amounts of Uysine hydrochloride added 
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and the EPO residual rates after tie accelerated testing are shown m Table 3. 



Table 3 



IS 



EPO residual rates after * 


accelerated testing of Uyslne hydrochlohde-caniaining 
preparations 


Amino acid 


Amount added (mg/m3) 


EPO residual rate after 
40*W week accelerated 
testing {% of Mai content) 


Not added 


0 


88.7 


l-iysine hydrochloride 


0.5 


93,1 




1 


95.8 




§ 


96.3 




10 


90.2 



so [00311 The above results are depicted as a graph m Fig, 2, 

[0032] As shown above, L ysine hydrochloride also led to maximum EPO residua! rates in a concentration range of 
about 1 toSmg/mi. 

[0033] Then, the same test was conducted using L~histid« hydrochloride. The amounts of L-Nsfidsne hydrochloride 
added and the EPO residual rates after the accelerated testing are shown in Table 4, 

Table 4 



36 



40 



\ EPO residual rates after accelerated testing of L-faisMine hydroch^onde-contalning 

preparations 


Amino acid 


Amount added {mg/mf) 


EPO residual rate after 
40^0-2 weak accelerated 
testing (% of initial content) 


! Not added 


0 


91.5 


! L-hMidlne hydrochloride 


0.5 


95.5 


l 


97.3 


5 


9&1 


10 


99.7 



[0054] The above results are depicted: as a graph in Fig. 3. 

[0035J As shown above, L-hisiidine hydrochloride led to maximum EPO residuai rates in a concentration range of 
4$ about i toiomg/rol. 

[0036] In accordance with the aforementioned testing method. EPO solution preparations containing L-hiStkfcne 
hydrochloride in various concentrations indicated below ware produced, and subjected to a 25^C-S month accelerated 
testing. Then, their EPO residual rates were determined by the RP-HPLC method. The results are shown in Table 5. 
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Table 5 



EPO residual rates alter accelerated testing of L-histidine hydroohioride-GoniaNng 

preparations 


Amino acid 


Amoum added (mg/ml) \ 


EPO residual rate alter 
25*C-6 month accelerated 
telling {% of initial content} 


Not added 


0 


93.2 


L-hist*dine hydrochlor ide 




99.3 


1 


99.9 


5 


97.9 


10 


94,1 



[8037J As shown above, L-histldine hydrochloride led to maximum EPO residual rates in a <x»ncefttration range of 0,5 
£0 to 5 mg/rol especially, at a concentration of 1 mg/ml. 

Example 3: Effect of the addition of various amino acids on EPO degradation products 

[0038] In accordance with the aforementioned testing method, EPO solution preparations containing various amino 
s$ acids were produced, and subjected to a 40*0*2 week accelerated testing. Then, the formation of EPO degradation 
products was investigated by the SDS-polyacryiamide ge! electrophoresis analysis method. 

1) Preparation of sample 

a? [0039] After the accelerated testing, a 1M TRIS-hydrochlorlde buffer {pH 8 8) containing SOS, glycerin, and 
Bromopftenol Blue was added to each of the EPO solution preparations containing each of the various amino acids indi- 
cated in Table 1 of Example 1 . The mixture was heated tor 15 minutes at 6Q°C for use as a sample sofutioa 

2) Electrophoresis 

35 

£0040} The sample solution (10 jd) was electrophoresed urderthe following operating conditions: 

a) Equipment: Siab gel electrophoresis apparatus {Bio-Bad Laboratories) 

b) Electrophoresis gei: 

40 SDS-RAOEmlni8-16 (concentration gradient gei in poiyacrylaroide concentrations of 8 to 18%, Tefco) 

c) Electrophoresis temperature: 25*0 

d) Electrophoresis conditions: 
25 mA constant current/gel 

3} Staining method (western blotting) 

[0041J The elacirophorased gal was transferred to a pdy^inyiidene difiuoride membrane. Then. artf»EPQ rabbit 
antiserum, biotin-labeiad anti-rabbit IgG goat antibody, and biotsnyiatad horseradish peroxidase were used for color 
development with 33^iaminobenzidine-hydro$en peroxide as a substrate 

so 4) Results 

[0042J The results obtained are shown in Fig. 4. Compared with the amino acid-free preparation {iane 2), the mono- 
sodium L-glutaroate monohydrateHjoniaining preparation (lane 8), the L -arginlne hydrochloilde-containing preparation 
(iane 0), and the bhistidine hydrochioride-eoniaining preparation (lane 10) showed the ma?\<&d effect of suppressing 
55 the formation of EPO degradation products. 
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Claims 

I . An erythropoietin solution preparation containing an amino acid as a stabizer, 

5 2, The solution preparation of daim 1 s which contains the amino acid, but does not contain a protein, as a stabilizer. 

3. The solution preparation of clarm 1 or 2, wherein the amino acid is one or more menders selected from the group 
consisting of leucine, tryptophan, serine, glutamic actd> arginina. histidine and lysine, and their salts. 

to 4> The solution preparation of any one of claims 1 to 3, wherein the amino add is one or more members seiected from 
the group consisting of L-tourim, l-fryptophan, L-glutamic acid, L^rgNne, l-histidine and I4ysine, and their salts. 

& The solution preparation of claim 1 , which contains as the stabilizer one or more merr±>ers selected f rom the group 
consisting of L-argintne, l-histtdine and Lysine, and their salts. 

15 

$. The solution preparation of claim 5, wherein the concentration of the amino acid is 0.1 to 40 mg/mL 
7> The solution preparation of claim 5. wherein the stabilizer is L-htefidtne. 
so 0, The solution preparation of claim 7, wherein the concentration of the histtdine is 1 .0 to 4.0 rngfrnl 

9, The solution preparation of any one of claims 1 to 8, which further contains a surfactant. 

10, The solution preparation of claim 9, wherein the surfactant is a polyoxyethytene sorbstan aikyl ester, 

I I , The solution preparation of claim 10, wherein the surfactant is poly&orbate 20 and/or 80, 
12, The solution preparation of any one of claims 1 to 1 1, which further contains a salt, 

so 13. The solution preparation of claim 12, wherein the saft is sodium chloride. 

14, The solution preparation of any one of claims 1 to 13, which has been dissolved in a buffer 

I S, The solution preparation of claim 14, wherein the buffer is a phosphate buffer and/or a citrate buffer, 

SB 

16, The solution preparation of any one of claims 1 to 15, which does not contain urea, 

17. Use of an amino acid as a stabilizer of an erythropoietin solution preparation, 

40 18, An erythropoietin solution preparation obtained by dissolving an amino acid, a surfactant, and a salt in a buffer. 

4$ 
50 
55 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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